The Bone Density Detection Based on DSP and Wavelet Transform  by Song, Yongxian & Feng, Juanli Ma Yuan
Procedia Engineering 15 (2011) 2211 – 2216
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.414
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia
Engineering
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia
The Bone Density Detection Based on DSP and Wavelet 
Transform
Yongxian Song∗  Juanli Ma    Yuan Feng 
The Institute of Electronic Engineering, Huaihai Institute of Technology, Lianyungang, China 
Abstract 
Quantitative axial ultrasonic method has become one of the most potential methods for measuring bone mineral 
density (BMD) because of its advantages of low-cost, no radiation and high precision. According to the ultrasonic 
axial transmission characteristics, the velocity of the quantitative ultrasound propagating in long bones can evaluate 
bone status. A system with its own data acquisition module to collect ultrasonic signal is designed in this paper, and 
DSP is taken as microprocessor data acquisition module because of its powerful processing and fast data 
transmission. At the same time, the noise is filtered by the improvement of signal processing method, the ultrasound 
velocity are extracted in long bone, the BMD parameter test methods are successful implemented and optimized. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
Keyword:Axial Quantitative ultrasound; DSP; bidirectional ultrasonic axial transmission; Wavelet analysis. 
1. Introduction 
Quantitative ultrasound method is a new bone mineral density measurement method, which has been 
developed in recent years, and its advantages are cheap, portable, no radiation, simple operation, high 
precision and so on, and it has become one of the most potential bone mineral density measuring methods. 
Broadband ultrasonic attenuation (BUA) and ultrasonic velocity (SOS) are two important parameters for 
the diagnosis of osteoporosis by quantitative ultrasound method. Based on the quantitative diagnosis of 
ultrasonic technology of osteoporosis theories, adopting the axial spread quantitative ultrasonic 
technology, the quantitative ultrasonic key parameters detection system which TMS320F2810 is taken as 
processing core is realized by independent research and development, high-speed data acquisition, storage 
and transmission problem were solved because TMS320F2810 has fast data processing ability, rich 
peripherals and strong ability to expand memory storage and so on. In this experiment, general signal 
processing such as traditional filter and Short-time Fourier transform (STFT) are used to find out whether 
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these methods are appropriate to this application. But the repeatability of these tests is not so good, and 
the relative errors are larger. Therefore, wavelet transform and Lipschitz exponent methods are applied to 
solve these problems, and it is proved that the introduced new methods could greatly enhance the capacity 
of feature extraction from ultrasound signals by a lot of tests. A large number of experiments in vivo 
detection show that the system is a low-cost, effective system. 
2. The whole system design 
By measuring the quantitative ultrasonic parameters BUA and SOS, according to the measured bone 
value scope, and to judge whether bone osteoporosis happened. Quantitative ultrasonic testing system of 
SOS and BUA was designed which take TMS320F2810 digital signal processing chip (DSP) as the 
processing core, the system structure diagram shown in Fig. 1. 
Fig. 1.The system structure diagram 
Firstly, ultrasound is transmitted by the ultrasonic transmitter under the control of TMS320F2810. It 
enters the long bone in certain angle, after a long distance transmission, and exits from the bone and 
arrives at the ultrasonic receiver, then the ultrasonic is converted into an analog voltage signal within a 
certain amplitude range. After an analog voltage signal was converted into digital signal by the analog-to-
digital converter, and the digital signal is sent into TMS320F2810 and each stage processing results are 
obtained, then, the results are sent into PC. Finally, the signal charts are draw by PC and ultrasonic 
parameters in long bone are also obtained, so we can judge whether subjects are osteoporosis patients. A 
liquid crystal display (LCD) displays the system running status. 
3. Bi-directional propagation principle and measuring method 
According to some other study, we find that SOS value is different when ultrasonic guided wave is 
transmitted in different parts of long bone, However, we cannot guarantee that the test point positioning is 
exactly the same for different subjects when measurement is execution. In order to further improve the 
measurement precision, the arm radial different parts are repeatedly measured, and get improved SOS, 
then taking its mean as the final SOS, so that can decrease the errors that caused for measurement points 
change when the single measurement is execution. Therefore, we designed an advanced multi-point bi-
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directional measurement, as is shown in Fig.2[10], Two transmitters and a receiver are aligned with each 
other and placed on the same side of the arm to measure SOS along the cortical bone layer paralleling to 
its long axis. Transmitter 1 is placed on the point A, at the distal location of the radius, and transmitter 2 
is placed on the point D which is 12 cm away from A. The receiver is firstly placed on the point B which 
is 2 cm away from the point A, and transmitter 1, 2 transmits an ultrasound one by one. Then the receiver 
is moved 1 cm to the next right point and the process of launching ultrasonic is repeated till the receiver 
reach the point C, which is 2 cm away from point D. During the measurement, the receiver moves for 4 
times, and signals are recorded for 5 times. When the receiver moves to the point of C, the measurement 
is finished. 
Four groups of delay data are calculated. TA1，TA2，TA3，TA4 are the ultrasonic delays 
transmitted from the corresponding positions of transmitter 1, and TD1，TD2，TD3，TD4 are the 
ultrasonic delays transmitted from the corresponding positions of transmitter 2 in the opposite direction. 
The average SOS is Calculated as follows.           
1 1 2 2 3 3 4 4
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+ + + +
Acoustic coupling between transceiver probe and arm skin is implemented by the ultrasonic coupling 
agent, in order to reduce the ultrasound energy loss in the contact surface and improve system 
performance.  
Fig.2 Measurement map of axial Ultrasonic 
4. The implementation of wavelet transform and Lipschitz index 
First, the digital signal processing module is initialized in this system, then the output data of 
UPD42280 is controlled by the FIFO time sequence control module, at the same time, the input module 
read the data, and save in the input buffer. The wavelet transform module function is activated when the 
data is fully read, and convert the data which saved in input buffer into the multi-scale wavelet transform 
coefficients, and store them in the transformation results buffer. The modulus maxima of the wavelet 
coefficients are calculated and a list of modulus maxima curves are generated after the data is completely 
converted in the input buffer, and the results that are calculated are stored in the modulus maxima buffer. 
In Lipschitz index module, the method of straights fitting is used for the logarithms of modulus maxima 
curves and those of the scales, and the linear slopes, that is, signal Lipschitz index is stored in the 
Lipschitz index buffer. Until the digital signal processing is over, the data in the buffer are transferred to 
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the PC by the serial port, the data graphs are drawn and the SOS of ultrasonic axial transmission in the 
long bone is calculated by PC. The diagram of the digital signal processing module is shown in Fig.3 
Fig.3 Signal processing module structure diagram 
The wavelet coefficients map of the original signal at different scales is shown in Figure.5, where, the 
transform scale is 8 in (1), the transform scale is 16 in (2) and the transform scale is 32 in (3). Fig.4 
shown that the smaller the scale is, the more accurately of the wavelet modulus maxima correspond with 
the mutation point location. However, there are many pseudo peaks because the wavelet coefficients are 
largely affected by the noise in small scales, and it is impossible to just locate the singularity by one scale. 
On the contrary, to smooth noise, the singularity is relative stability in large scales, but it can also smooth 
some peaks, and affect the peaks location. We must combine several scales to comprehensive analysis the 
signal when we adopt modulus maxima method to judge the ultrasonic signal peaks. 
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（1）Transform scale for 8                            （2）Transform scale for 16                           （3）Transform scale for 32 
Fig.4 Wavelet coefficients map of different scales 
The modulus maxima curve is generated by linking wavelet transform modulus maxima which is the 
same characteristic point with different scales. Because the signal modulus maxima are proportional to 
the scales, but the noise modulus maxima are inversely proportional to the scales, so ultrasonic signal 
corresponding modulus maxima curve can be throughout all scales, it is shown that this area is the useful 
signal area referenced to the original signal and its wavelet coefficients, while the noise modulus maxima 
curves can only stay in low scale area. Therefore, the signal peak and the noise peak can be well 
identified according to whether the modulus maxima curve can run through all the scales or not, it is 
apparent to de-noising effects. 
Although the noise can be well removed by checking the scales which the modulus maxima curves 
passed, there is still noise in the results, which seriously affects location of wave position and acquisition
of signal peaks, so it is particularly important to calculate the Lipschitz index relating to the modulus 
maxima curves which run through all the scales. From the experiment, we can find that the pseudo peaks 
and the useful peaks can be effectively identified when the Lipschitz index threshold is properly set. The 
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ultrasonic propagation delay is calculated by the time difference between the same characteristic peak of 
the current measurement place and the next measurement place, at the same time, the SOS and the 
parameter of the bone mineral density can be calculated too. It shown the results that obtained by using 
wavelet transform and Lipschitz index method to process the ultrasonic signal in the first measurement 
place in Table 1. Compared with other methods, Table.1 shown that the above method has a good ability 
to identify the peaks and its difference value is relatively more stable. 
Table.1 The results of Wavelet and Lipschitz Exponent treatment 
Abscissa of peaks 1st measurement place 2nd measurement place difference Time delay(us) SOS(m/s) 
1st peak 750 871 121 8.12 1230.1 
2nd peak 792 914 122 8.12 1230.1 
3rd peak 830 951 121 7.88 1270.5 
4th peak 868 989 121 8.06 1239.1 
5th peak 908 1027 119 7.92 1261.2 
6th peak 942 1062 120 7.94 1261.0 
5. The analysis of experimental results 
The distance is 1 cm, which is between the first measurement place and the second measurement place, 
and the SOS is the ratio of the distance and time difference. In the experiment, in order to detect the bone 
mineral densities, vivo detection is performed to several groups bone sample. The difference values of 
wave peaks, which are obtained in different measurement places, are calculated by different signal 
processing methods. In the meantime, the SOS values are calculated, and their means and relative errors 
are obtained too. Ten groups of the typical bone samples are selected, it is shown in Fig 5. As can be seen 
from Fig.5, the error of SOS, which is obtained by the band-pass filter, is the largest, so the anti-
interference ability of the band-pass filter is the weakest. Compared with band-pass filter, the error of 
SOS, which is obtained by Short-time Fourier method (STFT), is smaller, and the STFT has a stronger 
ability to detect the bone mineral density, but its overall effect is still not ideal and the error is still larger. 
However, compared with the former two methods, the SOS error which is obtained by the wavelet 
transform and Lipschitz index method is significantly smaller. It is obvious that the anti-interference 
ability of this method is the strongest and the stability of system is the highest. It can be seen from the 
comparison results, it is suitable that we take the wavelet transform and Lipschitz index as the data 
processing method in this system. Figure.6 show that the SOS value of bone sample 9 is the smallest in 
ten bone samples. It is known that the SOS of the SGW propagated in the arm of patient who has crisp 
bone disease is as small as about 15% of that propagated in normal people [3], we can confirm that the 
bone condition of the bone sample 9 is obviously not as good as that of normal people according to this 
phenomenon, the patient may have the crisp bone disease, and the fracture probability of this patient is 
larger than normal people. According to the above analysis, we can know that this system has good bone 
status detection capabilities. 
6. Conclusion 
In this paper, an online detection system based on ultrasonic axial transmission technique and 
TMS320F2812 processor is designed, which can measure the SOS values of the SGW propagating in 
long bones, and it can very good solve high-speed data acquisition, storage and transmission problem. 
Second, we take the wavelet transform and Lipschitz index as the signal processing method, and many 
experiments are made with this method by comparing other signal processing methods, the experiment 
results show that the wavelet transform and Lipschitz index method is superior detection capabilities. 
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Third, measurement method has been improved according to the principle of ultrasonic bidirectional 
measurement, and the system precision is enhanced by three probe measurement devices which are 
independent of the design. Finally, the SOS values obtained by vivo detection meet the ultrasonic 
propagation characteristics, are consistent with theoretical values, and have the ability to detecting bone 
status of subjects. As a while, the system has a very good application in detecting bone mineral density.  
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Fig.5 Contrast to the signal processing methods 
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